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Description 

BACKGROUND OF THE INVENTION 

L Technical Field 

The present invention relates to automated circuit 
board inspection systems and techniques. More 
specifically, the present invention relates to a novel 
method and apparatus for perfonming measurements 
of the stnjctural characteristics of a manufactured cir- 
cuit Ixjard having solder joints thereupon by a fully 
automatic real-time digital X-ray radiographic inspec- 
tion techniques. 

II. Background Art - 

In electronics, components are typically mounted 
upon or inserted into a circuit board. The electrical 
contact between the circuit board and the compo- 
nents is assured by soldering of the component Into 
permanent position. Thereafter, the electrical integrity 
of the circuit board depends upon the mechanical 
integrity of the soldering completed during the circuit 
board assembly. Soldering processes are well-known 
and may be reasonably controlled to correct solder 
related deficiencies. However, soldering processes 
do not always woric perfectly with deficiencies such as 
solder skips, bridges, insufficient amounts of solder, 
blow-holes and pin holes which can occur as a result 
of variatrans in materials in the solder process. 
Defects, such as those just mentioned, occur suffi- 
ciently often such that it is mandatory to inspect solder 
connections to reduce solder connection related fail- 
ures. 

Traditionally, solder quality Inspection has been 
. performed visually merely because of the fact that 
humans sense more data visually than with any other 
of the senses. As a result, previous inspections stan- 
dards for solder quality were written in tenris of the 
external appearance of the solder connection. The 
objective of a solder quality Inspection is also to insure 
mechanical integrity of the solder connection. Since 
mechanical integrity is dependent upon the interror 
structure of the solder connection, visual inspection 
techniques are wholly deficient in verifying mechani- 
cal integrity. 

The mechanical integrity of a solder connection 
depends upon the type of solderalloy used, the solder 
connectkDn structure (surface mount versus pin- 
through-hole) and the presence of an adequate and 
uniform volume of solder bonding (or wetting) of the 
electronic component to the circuit board. Visual 
inspection is regarded as a qualitative test, rather than 
a quantitative test In visual inspections, the extemal 
appearance of the solder connection is used to infer 
internal structural integrity. Visual inspections are an 
accepted solder quality inspection practice used to 



Identify gross variations in connection structures, 
such as missing pins, insufficient solder volume, 
excess solder or bridging. However, visual inspection 
cannot verify the unifonnity of the solder within the 
5 connection, and cannot detect defects that are hidden 
below components mounted on the circuit board. Sol- 
der unifonmity has a critical influence on the strength 
and durability of the solder connection. Solder con- 
nection strength and unifonmity are particulariy 
10 important in the connection of surface mount devices 
where the devices are held to the circuit board by the 
solder connection. It is well-known in the surface 
mount device art that solder connections are more 
susceptible to thenmal and mechanical stress related 
15 failures than pin mounted devices. In solder mounted 
devices, visually inspected structurally marginal con- 
nections, due to solder non-unifomnity, may still pro- 
vide electrical connection without the defect being 
discovered in stress testing. As a result, the marginal 
20 connection orhtdden defect is a likely candidate for a 
long term failure while under normal mechanical and 
thenmal stress. With a greater number of surface 
mount components being used in circuit boards, 
visual inspections are proving, in many cases, to be 
25 deficient in detecting structural deficiencies in the sol- 
der connections. 

Solder quality visual inspection systems examine 
the circuit boards to detect defects such as compo- 
nents missing; components incorrectly oriented; mis- 
30 sing or bent component pins or leads such that the 
component does not make a connection; cracked sol- 
der connections; solder bridge between component 
pins or circuit board pad; small holes present at the 
surface of the connection; insufficient clearance be- 
35 tween component pins; excess solder in the connec- 
tion; insufficient solder in the connectran; solder 
spurs, spikes, balls or splashes; poor solder wetting 
on the board or the component; a misshaped solder 
connection which indicates surface tension problems; 
40 component askew pads on the circuit board; compo- 
nent pins lifted or tilted from the circuit board; compo- 
nent pins misaligned with circuit board pads; and 
component pins nor projecting through the circuit 
board hole. Each of the above defects indicate condi- 
45 tions that can compromise the electrical and mechani- 
cal integrity of the circuit board. 

In many applicatnns, defects are hidden from the 
human eye or machine viston inspection systems. An 
example of such a defect is in the case of solder por- 
50 osity or voids. While defects may not be masked by 
visual barrier, increasing circuit density may result in 
defects which are not readily apparent to the human 
eye at production line rates. With machine vision 
inspection systems, inspection deficiencies still exist. 
55 For example, machine vision inspectkan systenns 
would t>e unavailable for inspecting defects such as 
solder balls under a pin grid array. 

Typical inspection systems are oriented toward 
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finding defects rather than avoiding the defects in the 
production of future items. The avoidance of defects 
essentially requires rapid process control feedback 
from the inspection system to the production line. Pro- 
cess control feedback of the defects requires quan- 5 
titative analysis feedback of the deficiencies and 
providing this information to the productton line to con- 
trol the soldering process. For example^ quantitative 
quality data such as the excess amount of solder 
volume present in a solder connection must be fed io 
back to the soldering process to reduce the solder 
used in future units so as to eliminate the defect. The 
present human and machine vision inspection sys- 
tems lack the ability to provide quantitative 'data for 
feedback control to the process lines for correcting is 
process deftciencies. With faster production lines, 
inspection systems must detect process drift before 
the production line turns out numerous defective 
items. For solder quality process control, the inspec- 
tion accuracy and repeatability needed must detect 20 
even the smallest changes In solder connection bef- 
ore they grow to become defects. 

JP-A-54143290 disclosed apparatus for inves- 
tigating the conditton of solder joints on a printed cir- 
cuit board (PCS). X-rays are passed through the PCB 25 
and are detected by a TV camera as a visual signal 
output. This output is fed into a conversion apparatus 
from which a computer assesses the quality of a sol- 
der joint. US-A-4344163 AND IEEE transactions on 
pattern analysis and machine intelligence voI.PAMI-5. 30 
N0.6, New York (IEEE) disclose the concept of tenv 
plate matching (comparing an Image with a reference 
pattern). 

IBM Journal of Research and Development 
voL27. No.i, Jan.83, New York, and IEEE disclose 35 
positioning stages which can be moved in several 
degrees of freedom which are suitable for accepting 
PCB'S. 

SUMMARY OF THE INVENTION 40 

In the case of solder quality inspections, the use 
of x-ray inspection techniques enables the inspection 
of visually hWden defects. X-ray imaging and com- 
puter-based image processing are well suited for sol- 45 
der quality inspections. The metallic alloys used in 
solder are remarkably opaque to X-rays as compared 
to the translucence of the ceramics, epoxies, silicon 
or copper nrtaterials used in circuit board assemblies. 
In addition, the ceramics, epoxies. silicon or copper 50 
materials have differing degrees of translucence so 
as to pemnit the distinction between these materials. 
As a result, small defects in the solder or the circuit 
board are readily klentified. The penetrating nature of 
X-rays is partk:ulariy suited for searching out hidden 55 
defects with respect to solder connections due to con- 
trast between solder and other circuit board materials 
and components. X-ray inspections may be utilized to 



perform quantitative measurements in quality assur- 
ance inspections of solder connections. The strength 
of X-ray inspection is in the ability to display the exter- 
nal and internal structure of each solder connectkjn. 
In effect. X-ray inspection images are three-dimen- 
sional, i.e. length, width and thickness with length and 
width (or size) being represented by object contrast 
from surrounding areas with thickness being rep- 
resented by the shades of gray or black. 

With data corresponding to the size and thickness 
of a solder connection, a detemiination can be made 
as to the quality of the solder connection. 

The present invention relates to a fully automated 
X-ray solder quality inspection system and a method 
for performing solder quality inspections utilizing X- 
rays. 

According to one aspect of the invention there is 
provided an apparatus for measuring stmctural 
characteristics of selected portions of a manufactured 
circuit board having solder joints thereon, comprising: 
x-ray means for providing a beam of X-rays; imaging 
means for detecting X-rays transmitted through a cir- 
cuit board and providing an electronic image thereof; 
processing means for converting said electronic 
image into a gray scale coded image; and compu- 
tational means for performing a predetemiined com- 
putational measurement and for providing an output 
corresponding to a variation of said measurement 
from a predetenmined measurement, characterised in 
that the apparatus further comprises multi-axis posi- 
tioning means for receiving a circuit board and for 
selectively positioning a circuit board within said 
beam of X-rays, and the computational means per- 
forms predetermined computational measurements 
on said gray scale coded image based upon selected 
measurement algorithn^ relating to particular stan- 
dard electronic component packages and configu- 
rations and specific types of solder defects 
associated therewith from a library of such measure- 
ment algorithms, and provides an output con-espond-- 
ing to a variation of said measurements of said gray 
scale coded Image from predetermined measurement 
standards corresponding to desired structural charac- 
teristics as contained in said library. 

According to another aspect of the invention there 
is provided a method of detenmining the structural 
characteristics of a circuit board having components 
disposed thereupon utilising solder joints, comprising 
the steps of: exposing a circuit board to a beam of X- 
rays having sufficient energy to penetrate said circuit 
board; detecting X-rays transmitted through a circuit 
board and providing an electronic image thereof; con- 
verting said electronic image into a gray scale coded 
image; perfomning a predetermined computational 
measurement on said gray scale coded image using 
an algorithm; providing an output corresponding to a 
variation of said measurement from a predetermined 
measurement, the method Ijeing characterised by 
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supporting a circuit board by a multi-axis positioning 
means adjustable for optimum exposure of a circuit 
board to source beam of X-rays; perfonning predeter- 
mined computational measurements on said gray 
scale coded image using a plurality of measurement 5 
algorithms relating to particular standard electronic 
component packages and configurations and specific 
types of solder defects associated therewith selected 
from a library of such measurement algorithms based 
upon the structural characteristics to be determined; io 
and providing an output con-esponding to the variation 
of said computational measurements from predeter- 
mined measurement standards corresponding to 
desirable structural characteristics as contained in 
said library. 15 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects, features and advan- 
tages of the present invention will be more fully appa- 20 
rent firom the detailed description set forth below 
taken in conjunction with the drawings in which like 
referenced characters identify corresponding 
throughout and whensin: 

Figure I is a perspective view of an X-ray inspec- 25 
tion system of the present invention; 
Figure 2 is a block diagram of the major compo- 
nents of the system of Figure I; 
Figure 3 is a flow chart of the operation of the sys- 
tem Figures I and 2; 30 
Figure 4 is a block diagram of the inspection list 
program; and 

Figure 5 depicts the imaging of the selected sol- 
der connection defects. 

35 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention is an automated real-time 
circuit board solder quality inspection system which 40 
uses digital X-ray radiographic imaging techniques 
and a rule-based defect recognibon system. Refenring 
to Figures I and 2, Figure I illustrates a perspective 
view of the major component layout while Rgure 2 
illustrates in block diagram form the major compo- 45 
nents of the system. In Figures I and 2, the automated 
X-ray circuit board solder quality inspectton system 10 
includes a control system 12 and an imaging system 
14, Control system 12 is comprised of three major sys- 
tems, control system computer 16, multi-axis position- so 
ing system 18, and safety system 20. Imaging system 
14 is comprised of three major systems, camera sys- 
tem 22, X-ray system 24 and image processing/defect 
recognition system 26. 

In control system 12, conb-ol system computer 16 55 
is a digital computer which has computer peripherals 
28 associated therewith. Computer peripherals 28 
include such equipment as data storage system 28a, 



printer 28b, display monitor 28c, and keyboard 28d 
and an interface with the multi-axis positioning system 
18 and safety system 20 along with an interface to the 
image processing/defect recognition system 28 and 
X-ray system 24. Also included are interfaces to exter- 
nal computers and/or robots. 

Also included in control system 12 is multi-axis 
positioning system 18. Multi-axis positioning system 
includes an x-y positioning table 30 which penmits 
movement of a circuit board mounted therein in a hori- 
zontal plane. The x-y positioning table 30 is mounted 
upon a rotation table 32 which permits 360 degree 
rotation of the x-y positioning table 30. Rotation table 
32 and x-y positioning table 30 and translator 38 may 
be generically defined as a motion table which is 
mounted upon a tilt beam 34 which penmits tilting of 
the motion table in an angled plane to the horizontal 
plane. A z movement system 36 permits nrwvement of 
the motion table assembly in a vertical direction. A 
translator 38 is utilized to move a circuit board moun- 
ted upon x-y positioning table 30 to and from a posi- 
tion adjacent to an exterior wall of cabinet 40 at the 
load/unload door 42 to a cenb^l position within 
cabinet 40. A motion controller and components 44 
receives the control signals from the control system 
computer 16 and provides the appropriate elec- 
tromechanical movement within the multnaxis posi- 
tioning system. 

A safety system 20 includes axis limits switches 
46, safety doo*- interiocks 48, cabinet X-ray shielding 
50, and radiation monitoring system 52. Axis limit 
switches 46, safety door interiocks 48, and radiation 
monitoring system 52 provide status infonnatwn sig- 
nals with respect to the multi-axis posltbning system 
18, the positksn of the load/unload door 42, and the 
level of radiatbn at selected locations within and 
about the X-ray inspection system. Safety system 20 
is provided for both operator safety and equipment 
failure protection. 

In imaging system 14, camera system 22 is moun- 
ted within cabinet 40 beneath the motion table.assenv 
biy. Camera system 22 includes a fluorescent or 
scintillating screen 54 mounted in the upper wall of 
lead shielded camera box 56. Mounted within camera 
box 56 is mirror 60, lens 62, and low-light-level video 
camera 64. 

X-ray system 24 is also mounted within cabinet 
40 and is comprised of an electronic X-ray source 66 
and Xray spectrum filter 67 mounted within a X-ray 
source cabinet 68. Cabinet 68 includes an electrically 
actuated mechanical X-ray source cabinet shutter 70 
mounted at a lower wall of cabinet 68. Source 66 gen- 
erates a beam of X-rays that exit through an opening 
in the lov/er wall of cabinet 68. X-ray spectrum filter 
66a modifies the X-ray energy spectrum in such a way 
that adjusts the sensitivity .of the system to the conv 
ponent under inspection. X-ray source door 70 when 
in the dosed position cuts off the beam of X-rays 
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emanating from cabinet 68 by covering the opening. 

Included with imaging system 14 is image proces- 
sing/defect recognition system 26. Image processing- 
/defect recognition system also includes a digital 
image processor 72 and an imaging computer 74. The 5 
image processor 72 includes at least three image 
memories, also called frame buffers. System 26 
includes peripheral devices 76 such as an Image dis- 
play monitor 76a, streaming tape drive or optica! disk 
76b, flexible disk drives 76c, hard disk 76d, image dis- io 
play monitor 76e, keyboard 76f, and joys tick controller 
76g. 

Refemng to Figure I, the components of Figure 2 
are illustrated in their structural cooperation. Inspec- 
tion system 10 is controlled by control system conv 15 
puterI6 which is mounted within main cabinet 40 but 
external to the main cabinet X-ray shielding 50 
located within main cabinet 40. Control system com- 
puter 16 controls the operation of the multi-axis posi- 
tioning system 18 and additional devices such as the 20 
load/unload door 42 and the X-ray source door 70. 
Control system computer 16 is also responsible for 
reporting results of a board test through BOARD 
ACCEPTED and BOARD REJECTED and status 
lights (not shown). Control system computer 16 25 
includes a data storage system such as hard disk 28a 
mounted within computer 16. Data storage system 28a 
is used for storing circuit board inspection programs 
and inspection result data. Also associated with com- 
puter 16 is a printer 28b which prints defect tags for 30 
individual boards and summary reports for board lots. 
Computer 16, also Includes, mounted in an operator 
console cabinet 78, a display monitor 28c which dis- 
plays control status infomfiation and messages 
regarding system operation and a keyboard 28d or 35 
any other input means which may be included to pro- 
vkje operator inspectksn control of a circuit board. 
Imaging computer 74 and computer 16 are interfaced 
with the other so as to communicate over a common 
bus. Computer 16 also continuously n^onitors various 4C 
sensors so as to detect system faults from indicators 
such as are included_within safety system 20. 

An electronic X-ray source 66, which generates a 
continuous beam of X-rays of an energy level of about 
160 Kev, is mounted within lead shielded X-ray source 45 
cabinet 68. To provide continuous and stable source 
X-ray level X-ray source 66 operates with an anode 
current of 0.2 mA. One type of X-ray source is dis- 
closed in U.S. Patent No, 4,521,902, Source cabinet 
68 is posittoned in an upper portion of cabinet 40 and so 
includes a source X-ray door 70 which permits, when 
open, a beam of X-rays, which may be collimated to 
improve image quality, to project downwardly and out- 
wardly through an X-ray source door opening in 
cabinet 68, 55 

Mounted beneath cabinet 68 is the motion table 
which is comprised of x-y positioning table 30, rotation 
table 32, and b^nslator 38. For purposes of clarity in 



Figure I, tilt beam 34 and z movement system 36 are 
not shown in structural fonm and may be Implemented 
in many forms by one skilled in the art When a circuit 
board 78 is mounted on the nwtion table and is under- 
going examination, the beam of X-rays is projected 
towards a portron of circuit board 78 and an opening 
in the motion table. The X-rays transmitted through 
the circuit board 78 are directed towards lead shielded 
camera box 56 which is mounted at the bottom of 
cabinet 40 within shielding 50. Mounted in an upper 
panel of box 56 is fluorescent or scintillating screen 
54. Mounted beneath saeen 54 is an aluminized front 
surface min-or 60 mounted at a 45 degree angle to a 
horizontal plane. Also mounted within box 56 is low- 
lightlevel video camera 64 which has a lens 62 dis- 
posed between camera 64 and minor 60. 

In the operation of the inspection system, the 
translator is positioned adjacent to the toad/unload 
door 42 for receiving, within a fixture thereupon (not 
shown) adapted for holding a particular circuit board 
type, circuit board 37. Also mounted upon translator 
38 is step wedge 39 which is a section of varying 
thicknesses of stainless steel. Step wedge 39 is 
utilized in the image processing as a known reference 
(a known density) by which gray levels of an acquired 
image may be referenced so as to account for drift in 
the X-ray source output The step wedge as a refer- 
ence may also be used to calibrate the Xray source 
to a specific output. Upon initialization of the system 
by the operator, such as by control pushbutton 
switches (not shown) or the closure of load/unload 
door 42, the translator 38 is moved to position the cir- 
cuit board directly beneath the X-ray source door 
opening of cabinet 68. 

The inspection routine is directed by image pro- 
cessing/defect recognition system 26 which includes 
a main inspection program for computer 74. Progranrv 
med into imaging computer 74 through the peripheral 
devices or by downloading from another computer 
system is data such as view location, device type, pin 
number, etc. along with the selection of image inspec- 
tion algorithms from a library of algorithms stored 
within imaging computer. Computer 74 instructs con- 
trol system computer 16 to move the motion table dur- 
ing the inspection period and open Xray source door 
70 during the inspection and closing Xray source door 
70 upon completion of the inspectran. When the Xray 
source door is opened, a beam of X-rays is projected 
towards an area of the circuit board ranging in size up 
to about two and one half inches square. 

The circuit board is moved about by the nrration 
table under control system computer control 16 to 
reach a selected view for inspection. The motion table 
may be moved through a horizontal plane in an x-y 
direction along with being rotated, tilted, or moved in 
a vertical direction toward or away from the X-ray 
source (so as to provide an imaging zoom feature). 

A beam of X-rays projected upon the circuit board 
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results in some photons scattering about the board 
wiltirn cabinet 40 which are absorbed by cabinet 
shielding 50, Another portion of the X-ray beam is 
absorbed by the circuit board and solder connection. 
Yet another portion of the X-ray beam is transmitted 
through the circuit board where it impacts upon 
fluorescent or scintillating screen 56 which is posi- 
tioned in-line with the X-ray beam. 

The X-rays impacting upon the fluorescent or sci- 
ntillating screen are converted into a visible light 
image. The visible light image of the X-ray shadow 
image created by the transmission of the X-ray beam 
through the circuit board is reflected by a flat planar 
mirror mounted at an angle 45 degrees to the horizon- 
tal. The X-ray shadow image appearing atfluorescent 
or scintillating screen 54 is reflected at a 90 degree 
angle through lens 62 and into camera 64. The use of 
a mirror in the system enables the camera to remain 
outside of the Xray beam. The analog output of video 
camera 64 is provided to image processing/ defect 
recognition system 26. 

During the imaging of the circuit board, the analog 
output of the camera may be displayed upon an image 
display monitor 76a as a 512 x 480 pbcel image for 
operator viewing. System 26 indudes a high-speed 
gray scale image processor which digitizes each 
image pixel into an eight-bit code which corresponds 
to one of 256 shades of gray, in the gray scale. 0-255, 
the darker, or denser, the material absorbing the X-ray 
In the form of a shadow, the lower the gray scale num- 
ber. Lighter areas in which the X-rays are transmitted 
through the circuit board, by absorbing less X-rays, 
have higher gray level numbers. 

Image processing/defect recognition system 26 
imaging computer 74 perform a multiframe average 
of the digitized image and stores it within an image 
(franr>e buffer) memory. Imaging computer 74 per- 
forms computationai measurement upon the Image 
during the movement of the motion table to a new view 
position or the load/unload position adjacent to the 
load/ unload door. During the movement of the board 
to the unload position under the control of control sys- 
tern computer 16, imaging computer 74 processes all 
previously computed measurements by perfomiing 
analysis on the image measurement data and directs 
the control system computer 16 to store and output the 
results. 

Figure 3 illustrates a flow diagram of the operation 
of the inspection system. At the beginning of an 
inspection cycle, the X-ray source door is dosed with 
the translator in the load/unload position adjacent the 
load/unload door. The control system computer 
begins an inspection cycle after a circuit board has 
been loaded onto the motion table and the operator 
has initialized the inspection cyde. The control sys- 
tem computer instructs the translator to position the 
circuit board beneath the closed Xray source door . 
After the load/unload door has been dosed by the 
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operator, the control system computer sends to the 
image processing/defect recognition system identify- 
ing infonnation as to the type of circuit board that is 
to be inspected. The control system computer may 
5 typically obtain this information, such as circuit board 
type and lot. from a bar code imprinted on the circuit 
board and read by a bar code scanner. Alternatively 
this information may be provided by an operator 
through the operator's keyboard or by a message 
10 from an external computer. 

The imaging computer uses this information to 
select portions of a main inspection program that are 
applicable to the type of circuit board to be inspected. 
Each circuit board has a circuit board specific inspec- 
ts tion list associated therewith. Each inspection list con- 
tains view information used by the main software 
module, Inspection List Interpreter (ILI). within the 
imaging computer for instructing the control system 
computer in motion control activity. The specific 
20 inspection list Is also used by another software mod- 
ule, Image Measurement Module (IMM), within the 
imaging computer for taking measurements on the 
image. Other software modules within the imaging 
computer are a Results Interpreter Module (RIM), a 
25 Blackboard Interface Module (BRIM), and a Black- 
board. Each circuit board type will be inspected with 
different views and different sets of measurement and 
analysis routines. Hence, each circuit board type has 
a specific IMM, RIM, BRIM, and Blackboard structure. 
30 The primary responsibility of the IMM is to take 
measurements from the image data and place the 
measurements on the Blackboard, To perform these 
measurements the IMM contains pre-defined 
measurement routines or algorithms specified by the 
35 Inspection list for each joint These algorithms are 
selected from a library of algorithms which indudes 
algorithms for alt joint types. 

The primary responsibility of the RIM is to analyze 
the measurement data placed on the Blackboard by 
40 the IMM. The RIM contains pre-defined analysis 
routines that correspond to the measurements speci- 
fied in the inspection list for each joint. Based on the 
analysis of the measurements, the RIM places on the 
Blackboard the results of the measurement analysis 
45 as to which pins were defective and the type of defect. 

The BRIM is responsible for providing the defect 
data placed on the Blackboard by the RIM to the con- 
b-ol system computer for reporting of the defect to the 
operator. 

50 The Blackboard is merely a temporary data stor- 
age medium by which the IMM, RIM and BRIM store 
and retrieve data in communicating with another mod- 
ule. 

Returning to the inspection system operation, 
55 when both have acknowledged to the other that each 
is ready to begin the inspection, the imaging computer 
instructs the control system computer to move the 
motion table to the first view position. Since a view 
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position table associated with each circuit board type 
is contained within a control system computer mem- 
ory, the imaging computer need send only a "move to 
position" command. The view position table, created 
previously for the particular board type, contains the 
axis values for each defined view. As a result, when 
the control system computer receives a "move to 
position' command, it uses the values from a local 
view position table stored therein to provide control 
signals to the motion controller. 

Upon completion of the move to the first view 
position, the imaging computer instructs the control 
system computer to open the X-ray source door to 
permit the beam of X-rays to be directed through the 
circuit board to the camera system. Also upon com- 
pletion of the move to the first view position, the imag- 
ing computer, based upon the programmed 
instruction list, detemnines whether there is another 
view position following the present view position or 
whether the present position is the last view position 
that an image is to be acquired and measured. This 
data is transfenred to the control system computer for 
controlling the motion table's next move to either a 
new view position or the load/unload position. 

The next event in the inspection cycle is the tak- 
ing of a muitiframe average of the Xray image of the 
first view provided by the image processor. The 
averaging of the frame image is taken on all views. 
The average frame image data are stored within the 
imaging system computer in a memory, frame buffer 
one. During the averaging of the frame image data on 
the first view position image, no measurements on the 
averaged frame image data are perfonmed. After the 
frame average is taken, the imaging computer 
instructs the system control computer to dose the 
Xray source door so as to cut off the X-ray beam direc- 
ted towards the circuit board. 

In the condition there is another view to be taken, 
the imaging computer instructs the control system 
computer to move-the motion table to the next view 
positkin. Simultaneously, the imaging computer 
transfers the previous view averaged frame image 
data from frame buffer one to another memory, frame 
buffer three. 

Upon completion of the moving of the motion 
table to the new view position and the transfer of the 
average frame image data to frame bufferthree, the 
imaging computer again detenmines whether or not 
the present position is the last view position. Should 
there be another view position, the Xray source door 
is opened and averaged frame image is computed 
and stored Into frame buffer one. Simultaneously, 
measurements are taken on the averaged frame 
image data stored in frame bufferthree. Upon comple- 
tion of the acquisition and storage of frame average 
into frame buffer one. the Xray source door is closed 
and the nrration table is moved to the next view posi- 
tion. Upon completKDn of tjoth the frame average into 



frame buffer one and the measurements on frame buf- 
fer three, the previous averaged frame image data 
stored in frame buffer one is transferred to frame buf- 
fer three. Should another view be programmed into 

5 the inspection list, the sequence of just described 
events is repeated. It should be noted that by opening 
the Xray source door only during the acquisition of the 
frame averaged image, minimal exposure of the cir- 
cuit board to the Xray beam is achieved. 

10 However, should there not be a view following the 

present view, the inspection cycle goes into a QUIT 
mode. In the QUIT mode, the present averaged frame 
image data Is stored into frame buffer one while meas- 
urements are made on the data stored in frame buffer 

15 three. Upon completing the computation of the aver- 
ages otthe present frame image data and storage into 
frame buffer one, the motion table is moved to the 
load/unload position for unloading of the circuit board. 
Upon completion of both the frame average into 

20 frame buffer one and the measurements taken on the 
averaged frame image data stored in frame buffer 
three, the averaged frame image from the last view is 
transfen-ed from frame buffer one into frame buffer 
three. Once the last view data is in frame buffer three 

25 measurements are taken upon the data. Upon com- 
pletion of the measurements on the last view data, the 
imaging computer performs a defect analysis on the 
data collected from all prior measurements. The 
results of the analysis are prepared and transferred to 

30 the control system computer for reporting. If any 
defects were found, a defect tag is printed through the 
printer associated with the control system computer. 
The defect tag indicates the location of the defect and 
the defect type, tf no defects were found on the circuit 

35 board then no printout is provided. The system may 
be provided with "BOARD REJECr and "BOARD 
ACCEPT" lamps which indicate the status of the 
board upon completion of the test The control system 
computer keeps two counts for statistical purposes 

40 along with all the defect records for each lot of boards. 
The counts are a running tabulation of the number of 
circuit boards "accepted" and "inspected". Once the 
motion table is returned to the load/unioad position 
and the circuit board has been unloaded, the system 

45 is ready to begin another inspection cycle. 

Still refemng to Figure 3, if after the imaging conv 
puter insbiicts the control system computer to move 
the motion table to the first view position and it is 
determined that no further view positions are 

50 required, the Xray source door is opened, an aver- 
aged frame image is taken and stored in frame buffer 
one. Upon storage of the average frame image data 
in frame buffer one, the Xray source door doses and 
the motion table is moved to the load/unload position 

55 for subsequent unloading of the circuit board. Simul- 
taneously, the averaged frame image data is transfer- 
red to frame buffer three where measurements are 
taken on the averaged frame image data. Upon com- 
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pletion of the measurements, the imaging computer 
perfomris an analysis of all of the measurements in the 
view so as to detect defects. The results of the defect 
analysis are transferred to the control system com- 
puter for generating the appropriate report and 5 
operator status indications. After the reports have 
been generated and the circuit board removed from 
the motion table, the inspection cycle is completed. 

An inspection list is associated with each type of 
circuit txjard to be tested. The inspection list is gen- io 
erated either by an operator who generates the 
inspection list in accordance with the inspection par- 
ameter requirements or inspection data may be 
downloaded from a computer-aided design (CAD) 
system and the inspection, list generated automati- is 
cally by the computer. An inspection list for each type 
of board to be inspected is stored within a storage 
medium in the imaging computer with the correspond- 
ing view position coordinate list stored within the con- 
trol system computer. 20 

Figure 4 illustrates an exemplary flow chart of a 
typical inspection list The inspection list is comprised 
of a single view or a series of views and, as illustrated 
in Figure 4, includes view numbers I through M. Each 
view number contains inspection instruction data for 25 
acquiring and analyzing image data. The view number 
is an integer which labels a view subtree wherein the 
view subtree contains the axis values of the motion 
table. The constituents of the axis values are the x. y. 
field of view or zoom axis, tilt and rotate coordinates. 30 
The view subtree is essentially structured as a sublist 
of the view number. 

In the view subtree the x view center is the x axis 
displacement from a home or zero position on the 
motion table. The selected x coordinate is positioned 35 
in the center of the field of view. The y view center is 
the y axis displacement from the home position on the 
motion table. The selected y coordinate is also posi- 
tioned in the center of the field of view. 

The field of view is the horizontal length of a plane 40 
perpendicular to the field of view or zoom axis which 
Is projected on to the image display monitor as 
measured from the left edge to the right edge of the 
monitor screen. 

The tilt value is the absolute tOt angle value 45 
measured in l/lOth of degrees ranging from 0 to 45 
degrees in a horizontal plane. The rotate coordinate 
is the absolute rotate angle measured in l/IOth deg- 
rees of rotation ranging from 0 to 360 degrees from an 
initial 0 angle. 50 

The field of view index is an integer assigned to 
a specific field of view value. This is used to select par- 
ameters depending upon the field of view for inspec- 
tions. A tilt index is an integer assigned to a specific 
tilt value and is used to select parameters depending 55 
upon the tilt for inspections. 

Gain and offset values are used for enabling the 
best image for each view to be acquired. The gain 



determines the amount of contrast that the video cam- 
era displays on the image display monitor. By increas- 
ing the gain, the image appears lighter. By decreasing 
the gain, the image appears dari^er. Offset is the 
amount of brightness that the video camera displays 
on the image display monitor. An increase in offset 
makes the image appear darker. A decrease in offset 
makes the image appear lighter. 

Associated with each view there are a series of 
joint numbers I through N with each joint being given 
an integer identifying number. The joint number is an 
index to the pin file associated with the inspection list 
which contains information about the pin. An actual 
joint typically consists of a bottom pad, barrel and top 
pad with a pin running through the middle of the pads 
and barrel. However, a joint in the inspectran list is 
simply an area that is to be inspected so that it may 
be either a solder joint, a capacitor, a calibration poSH 
tion, a device, or any other area on the circuit board. 

Each joint number within a view includes a joint 
subtree which contains information about the joint 
This information includes the joint type, device, name, 
pin number, x and y screen location, measurements 
algorithms, joint orientation and correction factors. 

A joint type is entered into the sublist as an integer 
which represents the classification of the joint. This 
information is used to select inspection parameters 
which are dependent upon the joint characteristics, 
such as pad size. The device name Is also included 
using the manufacturer's character abbreviation, 
which typically stands for the type of electrical conrv 
ponent A pin number is assigned as an integer value 
associated with the order of the pins on the device. 
The device name and pin number are useful infor- 
mation when a defect is discovered so that the control 
system computer will provide a specific component 
name and pin number in the defect tag printout 

The X screen location is defined as the horizontal 
displacement of the cursor from the original upper left 
hand comer of the image display monitor. This loca- 
tion is measured in pixels from 0 to 511 going across 
the image monitorfrom left to right. The y screen loca- 
tion is the vertical displacement of the cursor from the 
original upper left hand comer of the image monitor. 
This location Is measured in pixels from 0 to 479 going 
downward in the image display monitor. 

The joint orientatton is an integer value which rep- 
resents the direction of a pin with respect to the image 
monitor. This value Is used in the selection of inspec- 
tion parameters used which are dependent upon the 
joint orientation. For example the three o'dock posi- 
tion on the monitor may be assigned an integer value 
I with the six o'clock positran on the monitor con'e- 
sponding to 90 degree rotation and is assigned the 
integer value 2. Continuing in a clockwise notation 
system, the nine o'clock position corresponds to ISO 
degree rotation with the assigned integer value 3 and 
the twelve o'clock position conresponding to a 270 
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degree rotation with an assigned integer value of 4. 

Most important in the joint subiist are the 
measurenr>ent algorithms associated with each joint 
number. An integer identifies the algorithm from a lib- 
rary of algorithms (discussed later) which are used to 5 
perform image measurement and defect analysis. 
The results of the defect analysis are used to flag 
defects found in the image. For purposes herein, the - 
algorithms are numbered for joint number ! as being 
algorithm numbers X| through Xj. A con'ection factor io 
may be induded as an integer value which would pro- 
vide "local joint effects" information to an algorithm. It 
would allow an algorithm to be adjusted on a per joint 
basis. For example, an integer value would be used 
to infonm the algorithm that a structure blocks the view is 
of a joint 

In the algorithms used to determine a defect, the 
imaging computer uses a "rule-based" approach with 
a set of rules defining what a good feature and a bad 
feature are for parameters automatically measured by 20 
the system. The rules define what an acceptable sol- 
der connection is and what constitutes a connection 
that is defective. For each type of joint a set of par- 
ameters or thresholds for various solder-joint charac- 
teristics are defined. These parameters may be 25 
quickly adjusted by the user, although such adjust- 
ments are often not needed. Thickness, density and 
shape of the solder connections are determined by 
using the measurement algorithms and comparing 
the results of the measurements to pre-established 30 
criteria. Utilizing the measurement algorithms and 
analysis algorithms, a library of inspection routines for 
standard electronic component packages and con- 
figurations may easily be created. While some conv 
ponents may require certain measurement and 35 
comparison algorithms, others may not Certain con> 
ponent packages are susceptible to known solder 
connectton defects such that the algorithms may be 
readily chosen and placed appropriately into the 
inspection list 40 

Figure 5 represents three imaged circuit board 
defects with Figure 5a illustrating insufficient solder in 
a through-hole beneath a pin-grid array. In Figure 5a 
barrel solder connecttons 92. 94, 96, 98, 100, 102, and 
104 are illustrated. In this defect condition, exemplified 45 
by barrel solder connection 104, a cavity exists in the 
barrel solder connection. The setup requirements for 
providing the best possible imaging and recognition of 
this defect requires a large tilt in the motion table. In 
the measurement algorithm, the minimum and so 
maximum gray values, of a gray level pixel population 
2 or more, are calculated. The average gray level in 
the barrel is calculated and normalized against a step 
wedge imaged gray ievel. If the difference between 
the minimum and maximum gray levels is greater than ss 
a predetenmined threshold programmed into the 
machine or the average gray level exceeds a second 
threshold than a defect exists. In theory, a large dif- 



ference between the minimum and maximum gray 
level values in the banrel indicates porosity, voids or 
blow-hoies. A high average alone indicates a more 
uniform lack of solder, many voids, blow-holes or no 
solder at ail. 

Figure 5b illustrates a surface mount device 
(SMD) where bridging, solder fonning an unintended 
conductive path between solder joints and devices 
has occurred. The motion table Is typically setup to 
detect solder bridging in a SMD with a 1-inch field of 
view and no tilt angle. This defect is illustrated in Fig- 
ure 5b where pads 110, 112 and 114 are shown. There 
exists in Figure 5b a solder bridge 116 between pads 
110 and 112. For the inspection, a i-inch field of view and 
no tilt angle are the typical set up requirements. Two 
tasks are typically perfomned to verify whether a 
defect is present Given the centroid of the joint, the 
normalized black count between joints (A) is greater 
than a threshold then a bridge exists. The second task 
is checks for the presence of an edge between joints 
and if an edge is found then a bridge exists. 

Figure 5c illustrates a J-leaded suri'ace mount 
device (SMD) wherein the misalignment of the pins or 
leads 120 and 122 are respectively offset from the sol- 
der pads 124 and 126. if the leads 120 and 122 were 
properiy aligned they would be respectively superinv 
posed over pads 124 and 126 in the image. As a result 
there would be no separation in the image of the leads 
and pads. In this defect condition a component is typi- 
cally askewed so that the leads are not centered on 
the pads. The algorithm for measuring the defect con- 
dition uses a given centroid of the pin with the centroki 
of the pad being computed. The shift in centroid of the 
pin and pad are measured (A). The total shift over the 
row of pins is next computed (B). Next the number of 
pins offset in a row are computed (C). A pin is offset 
if (A) is greater than a first threshold. A device is offset 
if (B) IS greater than a second threshold or (C) is gre- 
ater than a third threshold. 

A solder bridge in typical throughhole solder con- 
nections is defined as solder that has formed an unin- 
tended conductive path between solder joints is 
considered a bridge defect Spikes/icicles (not 
shown) are non-conductive paths of solder extending 
beyond the pad. This defect may occur on the top or 
bottom pad or around the lead and always extends 
beyond the pad. To detect a solder bridge or 
spike/icicle a circular profile of pixel data around the 
joint pad is gathered, excluding any known device 
interference. The data is filtered using a median filter. 
A defect exists if the differential along the profile 
varies more than a rute-based threshold. 

In identifying the particular type of defect the 
average gray level of the joint {J J Is calculated. The 
angle of the defect from the position in the profile is 
next calculated. This is accomplished by scanning 
outwardly from the joint pad, at the found angle, by fol- 
lowing the path of the lowest gray level until the gray 
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level rises above a threshold or a fixed distance Is cov- 
arad. Tho path length is rscordad as the defect length 
(Di). The algorithm next calculates the average gray 
level of the defect (DJ centered at the end of the path 
with the same area dimensions as used to calculate 5 
the joint average (JJ. From the point along the path 
where the lowest gray level was found, the algorithm 
scans plus or minus 90 degrees so as to form an arc 
from the joint center and following the path of the low- 
est gray level until the gray level rises above a io 
threshold or a fixed distance is covered. The sum of 
the path is recorded as the defect width (Dw). If the 
defect length (DO is greater than a threshold and the 
average gray level of the defect minus the average 
gray level of the joint (D. - J J is less than a threshold is 
then the defect is a bridge. Otherwise, if the defect 
length (D,) is greater than a minimum threshold and 
the defect width (DJ is greater than a minimum 
threshold, then the defect is a spike/icicle. Since 
bridges, spikes/icides wiil appear as protrusions 20 
emanating from the pad edge, a bridge will appear as 
a protrusion with a length close to that of the distance 
between the pins on the board with the gray level of 
the protruskDn end being similar to the joint gray level. 
The rest of the protrusions wiil be considered 25 
spikes/icides as long as the length and width meet a 
minimum criteria. 

Solder ball defects typically appear spherical and 
may appear anywhere on the circuit board. Under the 
assumption the suspect solder ball has been found by 30 
previous algorithms the 0*, \^ and 2^ moments of the 
solder are calculated to obtain the length of the major 
and minor axes. If the ratio of the major and minor 
axes is within a tolerance of 1,0. the solder is con- 
sidered somewhat symmetrical. Next the spherical 35 
area of the object is calculated by assuming the 
diameter (D) is the average of its major and minor 
axes by using fonnula re(D/2)2 The ratio of this area 
to the 0"! moment is used in obtaining the spherocity 
(S), If the spherocity is within a tolerance of 1.0. the 40 
object is considered a solder ball. The setup for 
detecting this type of defect typically requires a large 
field of view without any tiit. 

Another defect which may occur in a typical sol- 
der connectton is excess solder in the bend radius 45 
where solder extends into the stress release bend of 
a horizontally mounted component. This defect may 
occur in all axial lead components at the bend radius. 
The setup requirements of the motion table typically 
require a I inch field of view, or less, with a 30 degree so 
or greater tilt angle with no rotaU'on. The theory behind 
this measurement and comparison algorithm is that 
solder in the bend rsdius will also appear on the back 
skje of the bend radius. This defect can be described 
as a lump of solder on the back of the lead which will 55 
appear as a change in a bend angle of the lead. 
Instead of bending in toward the component body, the 
lump will make a slight bend away. In the algorithm , 
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a search of the lead outside edge away from the com- 
ponent body is conducted so as to find the bend. The 
angle of the lead is then recorded. The angle is pro- 
jected past the bend and the image is sampled for sol- 
der in the area where the lead would be. The defect 
exists if solder is found at the projected angle. 

Another defect is where a bent or missing lead 
occurs such that the component lead has been bent 
so that the lead does not enter the hole, or the lead is 
completely missing. This algorithm is used in inspect- 
ing through-hole components on the insertion side of 
the board. Typical motion table setup requirements 
are a large field of view with no til L The theory in 
inspection for this defect is that the lead, having a 
lower density than solder, increases the standard 
- deviation of the solder ban-el. In detenmining the 
defect, the standard deviation of the barrel is calcu- 
lated and if the standard deviation is below a 
threshold then a defect is detenmined to exist 

The surface mount defect known as a bent lead 
occurs when a lead is bent to one side within the plane 
of the device. In measuring this defect, a 1-inch field 
of view is required with no tilt angle. The measure- 
ment algorithm is performed by computing the cen- 
fa-oid of the pin and the pad. The shift in the centroids 
of the pin and pad (A)are next measured. Next, the 
average shift over the row of pins (B) is calculated. A 
lead is bent if the absolute value of the average shrft" 
over the row of pins subtracted from the shift in cen- 
troids of the pin and pad is greater than a threshold, 
i.e. ABS (A-B)>threshold. 

A cold pad defect is typically a 'cold solder 
joint" which is a phrase generally describing a poor 
quality joint This defect may show signs of dewetting, 
voids, cracks, or an unusual solder distribution. This 
defect may occur in through-hole devices on the top 
or bottom of the circuit board. The motion table setup 
requires a minimum field of view with a tilt sufficient 
to displace the upper and lower pads. The measure- 
ment algorithm utilizes the given pad centers and two 
limiting angles for pad examination. The radial synv 
metry factor of the joints are calculated by calculating 
the standard deviation along two arcs (A and B) such 
that the MAX (A.B)=C. If C is greater than a threshold 
then the defect exists. 

. Dewetting on the lead defect is a failure of the sol- 
der to completely stick to the lead and usually the sol- 
der is slightly pulled away from the lead. This defect 
typically occurs at the top and bottom of leads in 
through-hole components. The motion table setup 
typically requires a small field of view with a 30 degree 
or greater tilt angle, with multiple rotated views neces- 
sary to examine the entire lead circumference. Dewet- 
ting will typically appear as a blackish halo around the 
lead which indicates a higher density of solder. 
Instead of flowing evenly around the fillet the solder 
has gathered into sections of higher and lower den- 
sity. To determine whether dewetting has occurred, 
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the barrel average gray level {BJ is calculated. The 
average gray levels are recorded in three locations 
when scanning from the barrel up the lead toward the 
component The position of the highest differential In 
gray levels of the white-to-black transition for each of 5 
the three scans is recorded. The average gray level 
of the arc defined by the three points of higher diffe- 
rentials of gray level is then computed as the value 
(A J. If < threshold, then the dewetting defect 
exists. 10 

Dewetting on the pad is a defect characterized by 
a jagged edge occumng at the circumference of the 
solder on the pad and may be found at top and bottom 
pad areas for through-hole components. In imaging 
this type of defect a small field of view with a 30 deg- 15 
ree or greater tilt angle and multiple rotated views are 
necessary to examine the pad. Dewetting will appear 
as a white halo around the barrel which indicates a 
lower solder density. Instead of flowing evenly around 
the fillet, the solder has pulled away from the banrel 20 
thereby leaving a gap. This gap lowers the density so 
as to produce the white halo around the barrel. In 
measuring the defect, the barrel average gray level 
(BJ is computed. The banrel is scanned out towards 
the pad edge at three locations with the average gray 25 
level recorded. The position of the highest differential 
in gray levels of the black-to-white transition for each 
of the three scans is recorded. The average gray level 
of the arc defined by the position of the highest diffe- 
rential in gray levels recorded is computed as value 30 
(AJ. If A,-B,> threshold, then the dewetting on the 
pad defect exists. 

Excess solder on the bottom lead Is characterized 
by solder obscuring the end of the lead on the bottom 
side of the circuit board and typically occurs at circuit 35 
board bottom side pad area. The imaging for this type 
of defect typically requires a 1-inch field of view or less 
with a 30 degree or greater tilt angle. In the measure- 
ment of this type of defect, when the lightest gray level 
minus the banrel gray level is large the lead tip is din- 40 
ched. This could mean that the pin is covered with sol- 
der or the lead was not dinched. Testing the 
difference between the pad gray level with the barrel 
gray level will indicate if the solder does cover the lead 
tip. When the solder covers the lead tip it also covers 45 
the pad more than normal. This covering of the pad 
with more than nonmal solder lowers the difference in 
gray level between the barrel and pad. (n performing 
the measurement, the gray levels from the center of 
the barret to the end of the bottom pad are sampled so 
with the lightest gray level average (G|) being recor- 
ded. The average gray level at the barrel center (B.) 
and the average of the bottom pad gray level (PJ are 
recorded. If the average of the bottom pad gray level 
subtracted from the lightest average gray level {G|-B,) 55 
is less than a threshold, and the average gray level of 
the barrel center subtracted from the average gray 
level of the bottom pad (P.-B,) is less than a 



threshold, then the defect exists. 

Excess solder on the top of the lead is charac- 
terized by solder on the lead surface above the top fil- 
let. This defect typically occurs in the soldering of dual 
in-line packages, single inline packages and 
through-hole devices. The imaging setup requirement 
for this type measurement is typically a I-inch field of 
view at a 30-45 degree tilt angle. The measurement 
of the image data utilizes a given center position of the 
banrel wherein the average gray level of the barrel (BJ 
is calculated. The data on the lead is extracted whe- 
rein between the knee and pad, the following are cal- 
culated: maximum standard deviation of the rows 
(R,), maximum standard deviation of the columns 
(C,), and the minimum gray level of population 2 or 
more (M(). If the maximum standard deviation of the 
rows (R^) or the maximum standard deviation of the 
columns (C.) is greater than a threshold, then small 
solder globs exist on the lead. If the average gray level 
of the barrel subtracted from the minimum gray level 
(M,-Ba)<thresho!d, then the lead is covered with sol- 
der. 

Excess solder on the pads occurs when solder 
extends beyond the edge of the pad and is considered 
a solder defect This defect may occur in individual or 
paired top and bottom pads. In the measurement of 
the image for the defect the approximate joint center 
location is given. If the measured diameter of the pad 
is greater than a threshold then a defect exists. 

Insufficient lead dearance occurs when a clin- 
ched lead protrudes towards another lead so that the 
clearance between the two leads is less than a speci- 
fied amount This defect occurs only on the bottom 
side of through-hole components. The typical image 
measurement setup requires a large field of view with 
no tilt In theory, the distance from the end of a lead 
to any other object can be defined from the non-tilted 
position. Although the actual dearance may be larger 
due to the depth not being measured, the lead has the 
potential of being within the measured dearance if 
bent In performing a measurement on the solder con- 
nection, a circular profile of pixel data around the joint 
pad is gathered, exduding any known device interfer- 
ence. The data is filtered using a median filter. A 
potential defect exists if the differential along the pro- 
file varies more than a threshold level. For potential 
defects, the angle of the defect from the position in the 
profile is calculated. The measurements are con- 
tinued by scanning outwardly finom the joint pad at the 
found angle, so as to follow the path of the lowest gray 
level until the gray level rises above a threshold, or a 
fixed distance is covered. Next the measurements 
are taken by continuing to scan from the end out 
straight and to both sides, for a distance equal to the 
specified dearance. If contact with a second lead is 
found then insufficient dearance exists. 

In surface mount devices a defect may occur 
when the amount of solder volume between the pin 
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and pad is insufficient. This test typically requires a I- 
inch field of view with no tilt. In measuring the image, 
the approximate joint center location Is given wherein 
the average gray level of a window on the joint is com- 
puted. If the average gray level is smaller than a 5 
threshold, then there is insufficient solder at the con- 
nection. 

In all through-hole components insufficient solder 
at the top or bottom fillet occurs when solder fail-back 
into the barrel is more than a specified amount. Typi- io 
cally this measurement requires a field of view depen- 
dent upon the barrel dimensions with a large tilt angle. 
If a normal amount of solder exists on the pad, the fail- 
back into the banrel is acceptable. The fall-back is 
measured by testing whether solder is present at the 15 
maximum acceptable fall-back location. If the solder 
does not extend from one side of the barrel to the 
other, then thefall-back extends beyond this point and 
the joint is defective. In measuring the image, the 
average gray level of the pad is computed and recor- 20 
ded. If this computation shows a normal or more than 
nomial amount of solder, then there is no defect. How- 
ever, should this not be the case, the location where 
the barrel and pad meet is computed and recorded. At 
the point where fall-back becomes unacceptable, the 25 
width of the solder in the barrel is measured by utiliz- 
ing the gray scale level. If the width is less than the 
barrel diameter, then a defect exists. 

A lifted pin defect occurs when a pin is lifted up 
from the pad area which results in no bonding be- 30 
tween the pin and pad. However, solder may still be 
present on the pin and pad. This defect typically 
occurs on surface mounted devices and flat pack 
components; The Image measurement typically 
requires a 1-inch field of view with no tilt. In measuring 35 
the image the center locations on a row of joints are 
given. Inspectran windows are placed about each pin 
and pad area so as to calculate the average gray level 
and the black counts for various thresholds. The 
results are then compared with thresholds to deter- 40 
mine if a defect exjsts. 

Through-hole component misorientation occurs 
when a component is improperly inserted into the cir- 
cuit board. This defect typically requires a large field 
of view with no tilt to perform the image measurement, 45 
In theory the intern al/extamal structure of a compo- 
nent varies enough so that when misoriented, the 
image is significantiy different than when oriented 
property, in performing the measurement on the 
image, the average gray level of a section of the conv 50 
ponent is calculated and nomnalized to a step wedge. 
If the average minus the expected average, corre- 
sponding to a property aligned component, is not 
within a tolerance limit, then a defect exists. 

A missing component is another typical defect 55 
which occurs when a component is absent from the 
circuit board. This measurement typically uses a large 
field of view without tilL The density of the component 



will decrease the average gray level at the expected 
position on the board. For devices with low X-ray den- 
sity, the gradient may yield a stronger signature. In the 
measurement, the expected location and size of the 
component is given. The average gray level of a sec- 
tion of a component that is significantiy different in sig- 
nal from the background is calculated. This signal is 
normalized with a step wedge and/or local back- 
ground, if the average minus the expected average is 
not within a predetermined tolerance, then a defect 
exists. For low-density components an additional test 
may be required. This test requires that the maximum 
gradient across the expected component edges, 
where the solder joints are located, be measured. If 
this value is less than a threshold, then a defect exists. 
A splash in an open area is a typical defect which 
• 

occurs when amorphic solder globs are stuck to the 
circuit board in random locations. The defect may 
occur at all open areas on the circuit board. Measure- 
ment of the image for this type of defect requires a 
large field of view without a tilt. In measuring the 
image the average (A) and standard deviation (S^) 
gray levels of the test zone are computed. The aver- 
age gray level is normalized with calibration data (NJ, 
If the expected average subtracted from the calib- 
ration data (Na-Ab) is greater than a threshold or the 
expected standard deviation subtracted from the 
measured standard deviation (S^rS^e) is greater than 
a threshold, then a defect exists. 

A blow-hole or a void is typically defined as a 
cavity on the top or bottom fillet which may occur on 
all through-hole component solder connections. The 
image measurement typically requires a field of view 
dependent upon the barrel dimenstons with a large tilt 
angle. To cover all areas of the pad this test requires 
multiple views at different rotations. Voids and blow- 
holes typically cause small areas of low-density gray 
levels in the fillet image. In measuring the image, the 
minimum and maximum gray levels, of population 2 or 
more, of the fillet are calculated. If the difference be- 
tween the minimum and maximum gray levels is less 
than a threshold then no defect exists. However, 
should the two gray levels difference exceed a 
threshold, the area of the potential defect is 
reexamined. The area of the potential defect is 
measured by using the black count at a gray level 
threshold set to a defined level above the minimum 
gray level. If this area is less than a threshold for a 
void/blow-hole, then a defect exists. ~* 

Upon reading of the previous description of the 
preferred embodiment, any person skilled in the art 
will readily understand how to make or use the pre- 
sent invention. Various modifications to these embo- 
diments will be readily apparent to those skilled in the 
art. Thus, the present invention is not intended to be 
limited to the embodiment shown herein, but is to be 
accorded the widest scope consistent with theacconr>- 
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panying claims. 



Claims 

1 . An apparatus for measuring structural charac- 
teristics of selected portions of a manufactured circuit 
board having solder joints thereon, comprising: x-ray 
means for providing a beam of X-rays; imaging means 
for detecting X-rays transmitted through a circuit 
board and providing an electronic image thereof; pro- 
cessing means for converting said electronic image 
into a gray scale coded image; and computational 
means for perfomning a predetemnined computational 
measurement and for providing an output conrespond- 
ing to a variation of said measurement from a pre- 
detemnined measurement, characterised in that the 
apparatus further comprises multi-axis positioning 
means for receiving a circuit board and for selectively 
positioning a circuit board within said beam of X-rays, 
and the computational means performs predeter- 
mined computational measurements on said gray 
scale coded image based upon selected measure- 
ment algorithms relating to particular standard elec- 
tronic component packages and configurations and 
specific types of solder defects associated therewith 
from a library of such measurement algorithms, and 
provides an output corresponding to a variation of 
said measurements of said gray scale coded image 
from predetemnined measurement standards corre- 
sponding to desired structural characteristics as con- 
tained in said library. 

2. The apparatus of Claim 1 further comprising fil- 
ter means for modifying the energy spectrum of x-rays 
in said beam of x-rays, 

3. The apparatus of Claim I wherein said imaging 
means comprises a solid state detector. 

4. The apparatus of Claim I wherein said imaging 
means comprises: optical imaging means for provid- 
ing an optical image corresponding to the intensity of 
X-rays transmitted through a circuit board; and elec- 
tronic imaging means for converting said optical 
image into a corresponding electrical image. 

5. The apparatus of Claim 4 wherein said optical 
imaging means comprises a scintillating screen posi- 
tioned to receive X-rays transmitted through said cir- 
cuit board. 

6. The apparatus of Claim 4 wherein said elec- 
tronic imaging means comprises: a video camera; and 
reflecting means mounted adjacent said video canv 
era for reflecting said optical image from said optical 
imaging means to said video camera. 

7. The apparatus of Claim I wherein said proces- 
sing means comprises a high-speed digital gray scale 
image processor. 

8. The apparatus of Claim i wherein said multi- 
axis positioning system comprises: controller means 
responsive to instruction signals generated by said 



computational means for providing predetemnined 
position signals; and motion table means responsive 
to said position signals for moving a circuit board 
mounted thereupon In x, y and z orthogonal axis with 
5 rotation in each axis. 

9. The apparatus of Claim I wherein said X-ray 
means comprises an electronic X-ray source. 

10. The apparatus of Claim I wherein said gray 
scale coded image represents the radiographic den- 

10 sity of a circuit board said beam of X-ray are transmit- 
ted therethrtjugh. 

11. The apparatus of Claim 1 wherein said conv 
putational means provides in said output an indication 
as to whether said measurements are within said pre- 

15 determined measurement standards. 

12. The apparatus of Claim I wherein said output 
contains measurement data for process control of fut- 
ure manufactured circuit boards. 

13. The apparatus of Claim I wherein said output 
20 contains measurement data for quality control of a cir- 
cuit board under test. 

14. The apparatus of Claim i wherein said 
apparatus measures the stnjctural characteristics of 
electronic and mechanical devices and components. 

25 15. A method of determining the structural 

characteristics of a circuit board having components 
disposed thereupon utilising solder joints, comprising 
the steps of: exposing a circuit board to a beam of X- 
rays having sufficient energy to penetrate said circuit 

30 board; detecting X-rays transmitted through a circuit 
board and providing an electronic image thereof; con- 
verting said electronic image into a gray scale coded 
image; performing a predetemnined computational 
measurement on said gray scale coded image using 

35 an algorithm; providing an output con'espondlng to a 
variation of said measurement from a predetennined 
measurement, the method being characterised by 
supporting a circuit board by a multi-axis positioning 
means adjustable for optimum exposure of a circuit 

40 board to source beam of X-rays; perfomning "predeter- 
mined computational measurements on said gray 
scale coded image using a plurality of measurement 
algorithms relating to particular standard electronic 
component packages and configurations and specific 

45 types of solder defects associated therewith selected 
from a library of such measurement algorithms based 
upon the structural characteristics to be detenmined; 
and providing an output conresponding to the variation 
of said computational measurements from predeter- 

50 mined measurement standards corresponding to 
desirable structural characteristics as contained in 
said library. 

16. The method of Claim 15 wherein said output 
includes product quality control data as an indication 

55 of whether said measurements are within said pre- 
determined measurement standards. 

17. The method of Claim 15 wherein said output 
includes quantitative data corresponding to the struc- 
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tural characteristics of an inspected circuit board com- 
ponent 

18. The method of Claim 15 wherein the step of 
detecting includes: disposing a scintillating screen in 

the path of X-rays passing through a circuit board, s 
said scintillating screen generating an optical image 
of X-rays passing through a circuit board; viewing said 
optical image generated by said scintillating screen 
with a video imaging system; providing an electronic 
signal corresponding to the optical image observed by io 
said video imaging system. 

19. The method of Claim 15 wherein the step of 
perfonming predetemiined computational measure- 
ments further comprises the steps of : controlling the 
detection of X-rays in accordance with said 15 
algorithms; recording said measurements in an elec- 
tronic storage means. 
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1. Vorrichtung zum Messen stmktureller Eigen- 
schaften ausgewahlter Bereiche einer hergestellten 
Leiterplatte mit darauf vorgesehenen Lotstellen, mit 
einer Rontgeneinrichtung zum Erreugen eines Ront- 25 
genstrahls, einer Abbildungseinrichtung zum Erfas- 
sen der durch die gedruckte Schaltung ubertragenen 
Rontgenstrahlen und zum Erzeugen eines elektroni- 
schen Slides derselben. einer Verarbeitungseinrich- 
tung zum Umwandein des elektronischen Slides in ein 30 
nach einer Grauskala kodiertes Slid, und einer 
Recheneinrichtung zum Ausfuhren einer vorbestimnrv 
ten Berechnungsmessung und zum Erzeugen eines 
einer Anderung der Messung von einer vorbestimm- 
ten Messung entsprechenden Ausgangssignals, 35 
gakennzelchnet durch eine mehrachsige Positio- 
niereinrichtung zum Aufhehmen einer gedaickten 
Schaltung und zum selektiven Positionieren einer 
gedruckten Schaltung Innerhalb des Rontgenstrahls. 
sowie femer dadurch, dafi die Recheneinrichtung vor- 40 
bestimmte Berechnungsmessungen auf dem nach 
einer Grauskala kodierten Bild auf derGmndlage aus 
einer Bibliothek gewShlter Meaalgorithmen ausfuhrt, 
die sich auf bestimmte elektronlsche Standard-Bau- 
teilpackungen und Anordnungen und bestimmte 45 
Arten von hiermit verbundenen Lotstellendefekten 
beziehen, und ein Ausgangssignal erzeugt, das einer 
Anderung der Messungen des nach einer Grauskala 
kodierten Bildes von vorbestimmten MeOstandards 
entspricht. die ihrerseits gewunschten, in der Bibliot- $o 
hek enthaltenen strukturellen Eigenschaften entspre- 
chen. 

2. Vorrichtung nach Anspruch I, welter enthaltend 
eine Fiitereinrichtung zum Modifizieren des Energie- 
spektnims der Rfintgenstrahlen im Strahl aus Ront- 55 
genstrahlen. 

3. Vonrichtung nach Anspruch I, wobei die Abbil- 
dungseinrichtung einen Festkorper-Detektor umfaaL 



4. Vorrichtung nach Anspruch I, wobei. die Abbil- 
dungseinrichtung umfafit: eine optische Abbildungs- 
einrichtung zum Erzeugen eines optischen Bildes, 
das der Intensitat durch eine Leiterplatte ubertrage- 
ner Rontgenstrahlen entspricht, und eine elektronn 
sche Abbildungseinrichtung zum Umwandein des 
optischen Bildes In ein entsprechendes elektrisches 
Bild. 

5. Vomchtung nach Anspruch 4, wobei die opti- 
sche Abbildungseinrichtung einen derart angeordne- 
ten Szintillationsschinm umfaSt. daS er die durch die 
gedruckte Schaltung ubertragenen Rontgenstrahlen 
empfangt. _ 

6. Vomchtung nach Anspruch 4, wobei die elek- 
tronlsche Abbildungseinrichtung umfafit: eine Vide- 
okamera und eine angrenzend an die Videokamera 
angeordnete Reflexionseinrichtung zum Reflektieren 
des optischen Bildes von der optischen Abbildungs- 
einrichtung auf die Videokamera, 

7. Vorrichtung nach Anspruch I, wobei die Verar- 
beitungseinrichtung einen digitalen Hochgeswindig- 
keits-Grauskalen-SildprozessorumfaSt. 

8. Vonlchtung nach Anspruch I, wobei das meh- 
rachsige Posltioniersystem umfafit: eine auf von der 
Berechnungseinrichtung erzeugte SIgnale anspre- 
chende Steuereinrichtung zum Erzeugen vorbe- 
stimmter Positionssignale und eine Bewegun- 
gs-Tischeinrichtung, die auf die Positioniersignale 
anspricht und eine darauf befestigte gedruckte Schal- 
tung in einem rechtwinkiigen xyz-Koordinatensystem 
mit Drehung in jeder Achse bewegt 

9. Vomchtung nach Anspruch I, wobei die Ront- 
genstrahleinrichtung eine elektronische Rontgen- 
strahlquelle umfaGL 

10. Vomchtung nach Anspruch I, wobei das nach 
einer Grauskala kodierte Bild die radiograph ische 
Dichte einer gedruckten Schaltung widergibt, durch 
die die Rontgenstrahlen ubertragen werden. 

11. Vonrichtung nach Anspruch I, wobei die 
Berechnungseinrichtung in dem Ausgangssignal eine 
Anzeige bereitstellt, ob die Messungen innerhalb vor- 
bestimmter MeHstandards liegen. 

1 2. Vomchtung nach Anspruch I, wobei das Aus- 
gangssignal Mefkjaten zur Proze&steuerung in 
Zukunfl gefertigter gedruckter Schaltungen enthait 

13. Vonrichtung nach Anspruch I, wobei das Aus- 
gangssignal Melkjatenfurdie Qualitatskontrolle einer 
im Test befindlichen gedruckten Schaltung enthait. 

14. Vorrichtung nach Anspruch I, wobei die Vor- 
richtung die strukturellen Eigenschaften elektroni- 
scher und mechanischer Einrichtungen und Bauteile 
miGt. 

15. Verfahren zum Bestimmen der strukturellen 
Eigenschaften einer gedruckten Schaltung mit unter 
Verwendung von Lotsteilen darauf angeordneten 
Bauteilen, mit den Schritten: Aussetzen einer 
gedruckten Schaltung einem Sfrahl von Rontgen- 
strahlen mit ausreichender energie. um die gedruckte 
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Schaltung zu durchdringen, Erfassen der durch die 
gednjckte Schaltung ubertragenen Rontgenstrahten 
und Bereitstellen eines elektronischen Bildes dersei- 
ben, Umwandeln des elektronischen Bildes in ein 
nach einer Grauskala kodiertes Bild, Ausfuhren einer 5 
vorbestimmten Berechnungsmessung auf den nach 
einer Grauskala kodierten Bild unter Verwendung 
eines Algorithmus, Erzeugen eines Ausgangssignals, 
das einer Anderung der Messung von einer vorbe- 
stimmten Messung entspricht, dadurch gekenn- io 
zelchnet, daS eine gedruckte Schaltung auf eine 
mehrachsige Positioniereinrichtung aufgelegt wird, 
die fur eine optimale Aussetzung einer gedmckten 
Schaltung gegenuber einem Strahl von Rontgen- 
strahlen einstellbar ist, Ausfuhren vorfaestimmter 15 
Berechnungsmessungen auf dem nach einer Graus- 
kala kodierten Bild unter Anwendung mehrerer Me&- 
algorlthmen, die sich auf bestimmte elektronische 
Standard-Bauteilpakkungen und Anordnungen und 
spezielle Arten hienmitverbundenerLotstellendefekte 20 
beziehen. wobei die Mellalgorithmen aus einer 
Bibliothek derartiger MeSaigorithmen gewahit wer- 
den, die auf den zu bestimmenden staikturellen 
Eigenschaften basieren. und Erzeugen eines der 
Anderung der Berechnungsmessungen von vorbe- 25 
stimmten MeRstandards entsprechenden Ausgangs- 
signals, wobei die vorbelstimmte MeSstandards 
gewunschten, in der Bibliothek enthaltenen struktu- 
rellen Eigenschaften entsprechen. 

16. Verfahren nach Anspruch 15, wobei das 30 
Ausgangssignal Produktqualitatskontrolldaten als 
Anzeige enthalt. ob die Messungen Innerhalb der vor- 
bestimmten Mei^tandards liegen. 

17. Verfahren nach Anspaich 15, wobei das Aus- 
gangssignal quantitative Daten enthalt, die den struk- 35 
turellen Eigenschaften eines inspizierten Bauteils der 
gedruckten Schaltung entsprechen. 

1 8. Verfahren nach Anspruch 15, wobei der Erfas- 
sungsschritt umfaiit Anordnen eines Szintillations- 
schinmes in dem durch die gedruckte Schaltung 40 
verlaufenden Rontgenstrahl-Weg, wobei der Szintill- 
ationsschinnfi ein optisches Bild durch eine gedruckte 
Schaltung hindurchtretender Rontgenstrahlen 
erzeugt. Betrachten des vom SzintlKationsschirm 
erzeugten optischen Bildes mit einem Video- 45 
Abbiidungssystem, Erzeugen eines elektronischen 
Signals, das den vom Video-Abbildungssystem 
beobachteten optischen Bild entspricht. 

19. Verfahren nach Anspruch 15, wobei die Aus- 
fuhrung vorbestimmter Berechnungsmessungen wei- 50 
ter folgende Schritte umfaGt: Steuern der Erfassung 

der Rontgenstrahlen entsprechend den Algortthmen, 
Aufzeichnen der Messungen in einer elektronischen 
Speichereinrichtung. 



Revendfcations 

1. Apparel! pour mesurer les caract6ristiques de 
structure de parties s6lectionn6es d'une plaquette de 
circuit fabriqu6e comportant des soudures, qui 
comprend : des moyens pour foumir un faisceau de 
rayons X ; des moyens de visualisation pour d6tecter 
les rayons X transmls ^ travers la piaquette de circuit 
et fournissant une image ^lectronique de celle-ci ; des 
moyens de traitement pour convertir ladite image 
6lectronique en une image cod6e selon une 6chelle 
de gris ; et des moyens de caicul pour r^altser une 
mesure calcul6e pr^d^termin^e et pour foumir une 
sortie correspondant ^ un ^cart de ladite mesure par 
rapport ^ une mesure pr^d6termin6e, caract6ris6 en 
ce que i'appareil comporte en outre des moyens de 
positionnement d axes multiples pour recevoir la pla- 
quette de circuit et la positionner de fagon selective 
dans ledit faisceau de rayons X et en ce que le moyen 
de calcuI realise des mesures calcut^es prSd^tenmi- 
n6es sur ladite image cod^e selon une ^chelle de gris 
bas6e sur des algorithmes de mesure choisis corres- 
pondant ^ des assemblages et des configurations de 
composants 6lectroniques standards et ^ des types 
sp^cifiques de d^fauts de soudure conrespondants 
provenant d'une bibIioth6que de tels algorithmes de 
mesure et en ce qu'il foumit une sortie correspondant 
d un ^cart desdites mesures de ladite image codde 
selon une 6chel!e de gris par rapport k des normes de 
mesure pr6d6tenrnin6es con'espondant ^ des carac- 
t^ristiques de structure souhaitSes telles qu'elles sont 
contenues dans ladite biblioth^que. 

2. Appareil selon la revendication I comportant en 
outre des moyens de filtrage pour modifier !e spectre 
d'6nergie des rayons X dans ledit faisceau de rayons 
X. 

3. Appareil selon la revendication I dans lequel 
lesdits moyens de visualisation consistent en un 
d6tecteur d semiconducteurs. 

4. Appareil selon la revendtcatksn I dans lequet 
lesdits moyens de visualisation comportent : des 
moyens de production d'image optique destines 5* 
foumir une image optique correspondant ^ l'intensit6 
des rayons X transmis k travers la plaquette de cir- 
cuit ; et des moyens de visualisation Slectroniques 
pour convertir ladite image optique en une image 
^lectrique correspofKiante. 

5. Appareil selon la revendication 4 dans lequel 
lesdits moyens de visualisation optique comportent 
un ^cran d scintillation positionn^ de fa^n ^ recevoir 
les rayons X transmis ^ travers ladite plaquette de cir- 
cuit 

6. Appareil selon ia revendication 4 dans lequel 
lesdits moyens de visuallsatbn ^lectroniques 
comportent : une camera vki6o ; et des moyens de 
reflexion nrK3nt6s au voisinage de ladite camera vid^o 
pour r^fl^chir ladite image optique k partir desdits 
moyens de production d'image optique vers ladite 
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camera vid^o. 

7. Appareil sefon fa revendicatfon I dans leque/ 
lesdits mpyens de traitement comportent un proces- 
seur S grande vitesse num^rique de I'image k 6chelle 

de gris. 5 

8. Appareil seion la revendication I dans lequel 
ledit syst6me de positlonnement selon des axes mul- 
tiples comporte : des moyens de contrfile sensibles ^ 
des signaux d'instructions engendr6s par lesdits 
moyens de calcul afin de foumir des signaux de posi- io 
tionnement pr6d6tennin6s ; etdes moyens de d6pla- 
cement de table sensibles auxdits signaux de 
positlonnement pourd6placerune plaquette de circuit 
mont^e sur ladite table selon des axes orthogonaux 

x, y et z avec des rotations selon chaque axe. is 

9. Appareil selon la revendication I dans lequel 
lesdits moyens pour engendrer des rayons X compor- 
tent une source 61ectronique de rayons X. 

10. Appareil selon la revendication I dans lequel 
ladite image cod6e selon une 6cheile de gris repr6- 20 
sente la density radiographique d'une plaquette de 
circuit, le faisceau de rayons X 6tant transmis k tra- 
vers celle-ci. 

11. Appareil selon la revendication I dans lequel 
lesdits moyens de calcul foumissent ^ ladite sortie 25 
une indication selon laquelle lesdites mesures se 
trouvent ^ Tint^rieur desdites nonmes de mesure pr6- 
d^terminies. 

12- Appareil selon la revendication I dans lequel 
ladite sortie contient des donn6es de mesure pour le 30 
contrfile de la fabrication uit6rieure des plaquettes de 
circuit, 

13. Appareil seion la revendication I dans lequel 
ladite sortie comporte des donn6es de mesure pour le 
contrfile de quality d'une plaquette de circuit en cours 3S 
d'essai, 

14. Appareil selon la revendication I dans lequel 
ledit appareil mesure les caract6ristiques de structure 
de dispositifs ^lectroniques et m6caniques et leurs 
composants. 40 

1 5. Prac6d6 pour la determination des caract^ris- 
tiques de structure d'une plaquette de cTcult compor- 
tant des composants disposes sur elle et utilisant des 
soudures, qui comporte les 6tapes consistent : ^ 
exposer la plaquette de circuit ^ un faisceau de 45 
rayons X ayant une 6nergie suffisante pour p6n6trer 

^ travels ladite plaquette de circuit ; ^ d6tecter les 
rayons X transmis k travers la plaquette de circuit et 
k foumir une image ^lecfcronique de celle-ci ; k 
convertir ladite image 6lectronique en une image so 
cod6e selon une 6chelle de gris ; k r6aliser une 
mesure calcul6e pr6d6tenmin6e sur ladite image 
cod§e en §chelle de gris en utilisant un algorittime ; k 
foumir une sortie con*espondant k un 6cart de ladite 
mesure par rapport k une mesure pr6d6termin6e, le 55 
proc^6 6tant caract6ris6 par le fait que la plaquette 
de circuit est suppoft6e par des moyens de positlon- 
nement k axes multiples susceptibles d'Stre ajust6s 



pour obtenir une presentation optimale de la pla- 
quette de circuit par rapport k fa source de rayons X ; 
k r6allser des mesures calcui^es pr§d6termin6es sur 
ladite image cod6e en 6chelle de gris en utilisant un 
ensemble d'algorithmes de mesure conrespondant k 
des assemblages et des configurations de compo- 
sants eiectroniques nonnaiises et k des types sp^ct- 
fiques de d^fauts de soudure conrespondant k ces 
derniersqui sontchoisis k partir d'une biblioth^que de 
tels aigorithmes de mesure bas6s sur ies caract6ris- 
tiques de structure k detenminer ; et k fournir une sor- 
tie conrespondant k T^cart desdites mesures 
calcuiees par rapport k des normes de mesure pr§d6- 
tenmin^es qui conrespondent aux caract6ristiques 
sbructurelles souhait^es telles qu'eiles sent conte- 
nues dans ladite biblioth^que. 

16. Proc§d6 seion la revendication 15 dans lequel 
ladite sortie comporte des donn^es de contr6le de' 
quality du produit en tant qulndication seion laquelle 
lesdites mesures se trouvent S I'lnt^rieur des normes 
de mesure pr6d6termin6es. 

17. Proc6d6 selon la revendication 15 dans lequel 
ladite sortie comporte des donn^es quantitatlves 
correspondant aux caracteristiques de structure d'un 
composant de plaquette de circuit en cours d'inspec- 
tion. 

18. Precede selon ia revendication 15 dans lequel 
i'6tape qui consiste k d^tecter comporte : le fait de 
disposer un 4cran de scintillation dans le trajet des 
rayons X passant travers la plaquette de circuit, ledit 
ecran de scintillation engendrant une image optique 
des rayons X passant d travers la plaquette de circuit ; 
k visionner ladite image optique engendr^e par ledit 
6cran de scintillation au moyen d'un syst6me de 
visualisation vid6o ; k foumir un signal dlectronique 
correspondant k Timage optique obsen/6e par ledit 
syst^me vid^o de visualisation, 

19. Precede selon la revendication 15 dans lequel 
retape qui consiste k r^aliser des rnesures de calcul 
predetermin^es comporte en outre les stapes qui 
consistent k controler la detection des rayons X 
conform^ment auxdits algorithmeSt k enregistrer les- 
dites mesures dans un moyen de stockage 6lectroni- 
que. 
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